We present a detailed photometric study of the dwarf irregular galaxy NGC 6822 aimed at investigating the properties of its stellar populations and, in particular, the presence of stellar radial gradients. Our goal is to analyse the stellar populations in six fields, which cover the whole bar of this dwarf galaxy. We derived the quantitative star formation history (SFH) of the six fields using the IAC method, involving IAC-pop/MinnIAC codes. The solutions we derived show an enhanced star formation rate (SFR) in Fields 1 and 3 during the past 500 Myr. The SFRs of the other fields are almost extinguished at very recent epochs and. We study the radial gradients of the SFR and consider the total mass converted into stars in two time intervals (between 0 and 0.5 Gyr ago and between 0.5 and 13.5 Gyr ago). We find that the scale lengths of the young and intermediate-to-old populations are perfectly compatible, with the exception of the young populations in Fields 1 and 3. The recent SF in these two fields is greater than in the other ones. This might be an indication that in these two fields we are sampling incipient spiral arms. Further evidence and new observations are required to prove this hypothesis. In addition, we derived the age-metallicity relations. As expected, the metallicity increases with time for all of the fields. We do not observe any radial gradient in the metallicity.
Introduction
NGC 6822 is a barred dwarf irregular galaxy (dIrr) of type Ir IV-V (van den Bergh 1998) belonging to the Local Group (LG). This dwarf galaxy has been the subject of many studies, since it is one of the nearest dIrrs to the Milky Way (MW). The metallicity of NGC 6822 has been estimated by several authors (e.g. Gallart et al. 1996a; Venn et al. 2001; Sibbons et al. 2012) , with values ranging from [Fe/H] = −1.92 ± 0.35 (Clementini et al. 2003) to [Fe/H] = −0.49 ± 0.22 (Venn et al. 2001) . Kirby et al. (2013) carried out a spectroscopic study on single stars in seven dwarf irregular galaxies of the LG, for which they provide new and highly accurate metallicity estimates. The mean value obtained for NGC 6822 is [Fe/H] = −1.05 with a dispersion of 0.49 dex.
NGC 6822 is affected by a moderate foreground extinction because of the low galactic latitude (l = 25.4
• , b = −18.4
• , Mateo 1998). According to Schlegel maps of the Galaxy (Schlegel et al. 1998 , updated in Schlafly & Finkbeiner 2011 , the reddening along the line of sight towards NGC 6822 is E(B − V) = 0.21. Moreover, several authors have found a difference in reddening between the innermost and outermost regions of NGC 6822 (Massey et al. ⋆ Based on observations collected with the ACS on board the NASA/ESA HST;aaa ⋆⋆ Photometric data are available at the CDS via anonymous ftp cds.ustrasbg.fr (130.79.128.5) 1995; Gallart et al. 1996a; Gieren et al. 2006) . The estimates of the distance cover a fairly wide interval ranging from (m − M) 0 = 23.31 ± 0.02 mag (Feast et al. 2012) to (m − M) 0 = 23.71 ± 0.14 mag (Salaris & Cassisi 1998) . In a recent study, Fusco et al. (2012, hereinafter Paper I) , based on the Hubble Space Telescope (HST) observations of Cannon et al. (2012, hereinafter C12) , estimated the reddening for the central region and external regions respectively as E(B − V) C = 0.37 ± 0.02 and E(B − V) E = 0.30 ± 0.03 and derived a distance modulus (m − M) 0 = 23.54 ± 0.05 mag, corresponding to 510 ± 10 kpc.
The star formation history (SFH) of this galaxy was first studied by Gallart et al. (1996b,c) , who focused on the spatial variation of the stellar population in NGC 6822. Their analysis indicates that in the past 100-200 Myr an enhancement of the SF activity occurred over the whole main body of this galaxy. The strength of this enhancement has been different from one region to the other. This was supported by C12, who studied the SFH of NGC 6822, based on deep HST data. They find that this galaxy formed more than 50% of the stars in the last 5 Gyr. The SFH has been consistent throughout NGC 6822 in the past 500 Myr, with an increase in the star formation rate (SFR) in the last 50 Myr.
NGC 6822 is well known for its complex morphology. de Blok & Walter (2000) mapped the entire extended distribution of H I of NGC 6822, identifying a number of peculiar features. In particular they observe an H I cloud in the north-eastern region of this galaxy, and they suggest that this feature could be associated with an interacting companion system. In addition, de noted that the number of blue stars across the H I cloud was particularly large. C12 further analysed the nature of this H I cloud. In their study the authors ruled out that the suspected putative companion, coincident with their Field 1, is a bona fide galaxy. This conclusion is based on the absence of an overdensity of red giant branch (RGB) stars in that region. However, the authors state that "an interaction with a gas cloud without an ancient stellar component remains a viable solution".
The aim of the present work is to extend the analysis of Paper I in three more fields along the bar of NGC 6822, and thus end up with the total number of six fields. The photometric dataset is the same as for C12, but we perform a completely independent analysis, both in tools and method. In this paper the names of the fields coincide with those of C12. In particular, we investigate whether the nature of the suggested putative companion of NGC 6822 corresponding to Field 1 is confirmed. To our goal, we derive the SFH and age-metallicity relations (AMR) for the six fields, using the most updated version of the BaSTI evolutionary library 1 (Pietrinferni et al. 2004 ) and IACpop/MinnIAC population synthesis code Hidalgo et al. 2011) .
The paper is organized as follows. In Section 2 the observations and dataset are described; in Section 3 we analyse the stellar populations identified in this galaxy; in Section 4 we describe the SFH code, the input parameters, and the main results. The conclusions are presented in Section 5.
Observations and data reduction
The present photometry is based on archival HST datasets collected with the Advanced Camera for Surveys (HST GO programme 12180, P.I. Cannon). The same nomenclature as C12 (Fig. 1 ) is adopted here. In particular, we present here the analysis of three fields located in the north-western regions which are labelled Fields 1, 2, 3 from the outermost to the innermost. Field, filter, exposure time and coordinates of our dataset are listed in Table 1 .
The images were prereduced using the standard HST pipeline. We performed photometry on individual images using DAOPHOT (Stetson 1987) and then simultaneous photometry on the four images of each field using ALLFRAME (Stetson 1994) . At the end we obtained three catalogues -one for each 1 The full library is available at http://basti.oa-teramo.inaf.it. field, containing ∼15,000, ∼3,500, and ∼4,000 stars, respectively, from the innermost to the outermost field. The data were transformed to the standard VEGAMAG photometric system (Sirianni et al. 2005 ) using the most updated zeropoints 2 . We thus obtained three F814W, F475W−F814W CMDs, for Fields 1, 2, and 3. These CMDs are shown in Fig. 2 . The CMD of Field 4 (for a detailed analysis see Paper I) is given in the same figure. We refer to Paper I for the CMDs of Fields 5 and 6.
The reddenings of Fields 4, 5, and 6 are given in Paper I. To estimate the reddenings of the Fields 1, 2, and 3 we superimposed on the CMDs the ridge lines of Field 4 already deter- mined in Paper I (solid lines in Fig. 2) . Thus, the absolute reddening in Field 1 turns out to be the same as in Fields 5 and 6, whereas Fields 2 and 3 have the same absolute reddening as Field 4. The last two lines of Table 2 show the distance modulus (m − M) F814W and the E(F475W−F814W) reddening value for the six fields. We assumed the same reddening error of Fields 5 and 6 for Fields 1, 2, and 3.
Preliminary findings on the stellar populations in NGC 6822
To perform a preliminary analysis of the possible presence of different stellar populations across NGC 6822 we superimposed a set of isochrones to the CMDs of Fields 1 and 4 (i.e. the outermost and innermost fields). We adopted scaled solar isochrones from the BaSTI library (Pietrinferni et al. 2004 ), and we used the distance modulus and reddening estimates discussed in Section 2. The result is shown in Fig. 3 . The comparison with the isochrones allows us to obtain some preliminary estimate of the age and metallicity of the stellar populations in NGC 6822:
-The two isochrones for [Fe/H] = −1.27, age 11 Myr, and [Fe/H] = −0.35, age 30 Myr, shown in Fig. 3 , appear to constrain the blue edge of the main sequence (MS) fairly well. This comparison strongly suggests that NGC 6822 was still forming stars, at least in these two fields, in a very recent epoch.
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-The slope and the location of the RGB in the CMD, on the other hand, give a strong constraint on the metallicity. The RGB of NGC 6822 shows a significant spread, larger than the expected colour error at the magnitude of this branch, as shown in Fig. 2 . We conclude that a spread in metallicity or a combined spread in age and metallicity is present in this dwarf galaxy. The slope of the RGB mainly depends on the metallicity, but we cannot exclude an age effect. Younger RGB stars attain bluer colours, thus mimicking a more metal-poor stellar population. From Fig. 3 (left panels) it appears that the blue edge of the RGB is represented well by the [Fe/H] = −2.27 and 12 Gyr isochrone. On the other hand, the red edge is compatible with intermediate-age isochrones with slightly higher metallicity (i.e. [Fe/H] = −1.27 and [Fe/H] = −0.96). Therefore the age-metallicity degeneracy on the RGB does not allow us to constrain the spread in age and metallicity of the population in NGC 6822. The qualitative comparison between theoretical isochrones and observational data discloses that the photometric limit does not allow us to detect the MS turn off (TO) of the oldest population. -In the righthand panels of Fig. 3 To have a closer insight into the nature of the stellar populations in the different fields of NGC 6822 we performed star counts in the different branches of the CMDs, including the three fields of Paper I. We started by selecting five boxes in the most populated regions in the CMD of Field 4. These were defined as UpMS: The upper MS box encloses MS stars brighter than F814W= 23.7 mag where the MS luminosity function (LF) shows a slight change in its slope. LowMS: The lower main sequence box contains MS stars between 25 mag < F814W < 23.7 mag. According to the completeness tests we performed, F814W = 25 mag is the limit of our photometry. The cut at F814W = 23.7 mag corresponds to the TO of the stars with an age of 450 Myr (for [Fe/H] = −0.66). The comparison between UpMS and LowMS allows us to discriminate between stars younger and older than 450 Myr. RC: According to the change in slope of the RGB LF, we defined the interval 23 mag ≤ F814W ≤ 23.9 mag as the red clump region. LowRGB: The lower RGB corresponds to 23.9 mag ≤ F814W ≤ 25 mag. The brighter limit in magnitude is set as the boundary of the RC region, while the fainter limit coincides with the limit in magnitude selected for our photometry according to the completeness tests. UpRGB: Correspondingly we define the upper RGB branch as the region of the RGB brighter than the RC. The bluer part of the RGB was excluded with a by-eye inspection in order to minimize the contribution of the asymptotic giant branch to the star counts. Table 2 shows the star counts in each box and the relative ratios. The errors listed in this table are given by the statistical fluctuations of the counts. We performed several experiments of artificial stars in all the fields (for a complete description see Section 4.1) in order to confirm the statistical completeness of the star counts. The result is shown in Fig. 4 , confirming that the counts at the limit F814W = 25 mag are complete at least at the 85% level.
To perform quantitative comparisons, the box boundaries were shifted according to the relative reddening of each field. Inspection of Table 2 immediately reveals that the two ratios UpMS/UpRGB and LowMS/LowRGB, i.e. the number of stars on the MS with respect to those on the RGB at the same luminosity level, turn out to be definitely higher in Field 1, and marginally in Field 3, than in all the other fields. The completeness of the star counts in the boxes of the first ratios is nearly 100%, hence, highly significative. These ratios, taken at their face values, could provide a first hint that the stellar populations in Field 1 and 3 could be peculiar owing to the underabundace of RGB stars with respect to MS stars. In particular, this result could apparently suggest that a very recent burst of star formation took place in Field 1, which was more intense than in the other fields, including the innermost Field 4.
Therefore we computed the cumulative LFs of the RGB and of the MS for the six fields, as shown in Fig. 5 . While the RGB LFs appear virtually identical in all of the fields, the LF of Field 1 starts increasing at brighter magnitudes for the MS with respect to all the other fields. This is a second hint to support the idea that the star formation in Field 1 could somehow be peculiar and that a relatively recent burst of star formation could have occurred in this region.
A detailed analysis of the SFH in the different fields
The former findings indicate that significant differences may exist in the stellar populations of the six fields. To investigate these differences in depth, we use resolved population synthesis tools to calculate the SFH of the six fields. To obtain the SFH solution we considered only the stars with σ F814W ≤ 0.2, σ F475W ≤ 0.2, and |sharpness| ≤ 0.5 3 . This selection allows us to obtain the solution using only stellar objects and thus improving the precision of the SFHs.
The first step is to accurately represent the observational effects which is done through tests of artificial stars (Stetson & Harris 1988) . We injected 10, 000, 000 stars in each image in 150 iterations. The stars were distributed uniformly in the images, and placed at a fixed relative distance set at 2 R PSF + 1pixel, where R PSF is the PSF radius in pixels. Once the stars had been injected in the images, we performed a new photometry, with the same procedure as was used to reduce the original images.
Theoretical framework and input parameters
The SFH was derived by applying the state-of-art package IAC-star/IAC-pop/MinnIAC (Aparicio & Gallart 2004; Hidalgo et al. 2011) , specifically developed for analysing resolved stellar populations. Even though the SFH of the various fields of NGC 6822 has been already studied by C12, the population synthesis code we are using for the present analysis is completely independent of the one adopted in the former analysis. At the same time, it is based on an independent, updated library of stellar models. Therefore, this investigation is also a test of the consistency of SFH obtained with independent population synthesis codes and stellar model libraries.
In short, IAC-star is used to create a synthetic CMD model. In our case, the synthetic CMD model contains 10 7 stars with a constant star formation rate between 0 and 13.5 Gyr and uniform metallicity distribution between Z = 0.0001 and Z = 0.01 -corresponding to [Fe/H] = −2.27 and [Fe/H] = −0.27. The extreme values were selected to cover all the ages and all the metallicities (Clementini et al. 2003; Venn et al. 2001 ) of the stars present in NGC 6822. We selected the BaSTI stellar evolution library (Pietrinferni et al. 2004 ), a Kroupa initial mass function (Kroupa 2001) , and a 30% binary fraction. After a suitable simulation of the observational effects in the synthetic CMD, the SFH is obtained using IAC-pop/MinnIAC algorithms Hidalgo et al. 2011 ) by comparison of the distribution of stars in the synthetic CMD with that in the observed CMD. The age bins selected are of 0.1 Gyr for age < 0.2 Gyr, 0.3 Gyr for 0.2 < age < 0.5 Gyr, 0.25 Gyr for 0.5 < age < 1 Gyr, 1 Gyr for 2 < age < 5 Gyr, and 8.5 Gyr for 5 < age < 13.5 Gyr. The metallicity bins selected are 3 · 10 −4 for 10 −4 ≤ Z ≤ 10 −3 , 2 · 10 −3 for 10 −3 ≤ Z ≤ 3 · 10 −3 , 4 · 10
for 3 · 10 −3 ≤ Z ≤ 7 · 10 −3 , and 3 · 10 −3 for 7 · 10 −3 ≤ Z ≤ 10 −2 . These values were selected according to the age-metallicity resolution tests presented in Section 4.2. With this method we obtain the smoothed SFHs, which include 24 single SFHs. For a full description we refer to Hidalgo et al. (2011) .
To minimize the effect of the estimates in the external parameters, namely distance, reddening, and photometric zeropoints, IAC-pop/MinnIAC synthesis codes provide an offset both in magnitude and colour. These values are those which minimize the χ 2 of the solution. Table 3 shows the distance of the fields from the centre of NGC 6822, the χ 2 , and the offset in colour and magnitude of the solutions.
To evaluate the relative importance of the SFR in the fields, we evaluated the mass fraction of stars produced in two age bins. The results are listed in Table 3 , where the old-intermediate-(be- tween 13.5 and 0.5 Gyr ago) and young-(from 0.5 Gyr ago to date) epochs were taken into account. Inspection of this table reveals that the integral 13.5 0.5 ψ(t)dt in all the fields is comparable, whereas the integral 0.5 0 ψ(t)dt turns out to be very small for all the fields with the exception of Fields 1 and 3. In these fields the SFR shows a slight enhancement in this time interval. Nine and six times more stars were produced in Fields 1 and 3, respectively, than in Field 4.
In addition, the mean metallicity of the six fields is listed in Table 3 . This result is perfectly compatible with the metallicity estimates by Kirby et al. (2013) . Moreover, the associated spread in metallicity is compatible with the spectroscopic results.
SFH solution and AMR
The SFH solution of the fields is shown in Fig. 6 . The function ψ(t) is the stellar mass formed as a function of time, while Ψ norm corresponds to ψ(t) normalized to 13.5 0 ψ(t)dt. The scales along the vertical axis are different for each field as a consequence of the difference in the total stellar mass. The solutions we obtained are consistent with the results presented by C12. Figure 7 shows observed, solution and residual CMDs in the case of Field 5.
The photometric limit avoids properly sampling the MS TO of the oldest population. To estimate the age limit of our solution, we carried out age resolution tests (for a full description we refer to Hidalgo et al. 2011) . Using IAC-star we created six mock populations of 10, 5, 3, 1, 0.2, 0.1 Gyr. Thus we performed the same procedure adopted to obtain the SFH solution, in order to recover the narrow mock bursts at different times. The result is shown in Fig. 8 for Field 2, as an example. Scrutiny of this figure shows that we are not able to recover the mock bursts of 5 and 10 Gyr. For this reason, the temporal scales of our solutions are not reliable for ages older than about 5 Gyr, although the integral 13.5 5 ψ(t)dt is still accurate and well defined. We now concentrate on the analysis of the individual SFH solutions (Fig. 6 ) taking only ages ≤ 5 Gyr into account. This analysis discloses the following results: Field 1. This field does not show any significant burst of SF until 500 Myr ago, when the most recent burst began and continued to increase up to a very recent epoch. Field 2. This field shows an SFR that remains quite constant over the whole time interval and tends to zero at the most recent epochs. Field 3. The SFR in Field 3 appears to be as constant as that of Field 2. In the past 500 Myr the SF, according to our solution, maintains a higher rate than in the other fields, but tends to disappear at very recent epochs. Field 4. A unique extended SF episode took place in this region of NGC 6822 between 5 and 1.5 Gyr ago. In the last 1.5 Gyr the SFR vanished. Field 5. The SF calculated for this field is analogous to the rate obtained in Field 2. Field 6. The SF calculated for this field is analogous to the one obtained in Field 4.
From the analysis of the single solutions of the SF, we find that in Fields 2, 4, 5, and 6, the SFR has been slowly decreasing in the last 1.5 Gyr, and it is exhausting at very recent epochs. Fields 1 and 3 are apparent exceptions to this frame. For these field the solutions show an enhancement in the SFR in the last 500 Myr, and in the case of Field 1 it has still been active at very recent epochs.
In addition, the IAC-pop/MinnIAC method allows deriving the AMR as a part of the SFH. The AMRs for six fields of NGC 6822 are shown in Fig. 9 for the last 5 Gyr.
The AMRs disclose that the metallicity grows with time in all the six fields, ranging between −1.0 [Fe/H] −0.5. According to our solution no difference in the AMR of the six fields is identified. These values are compatible with the mean metallicity and the spread in metallicity recently found spectroscopically for NGC 6822 by Kirby et al. (2013) .
Radial gradients
Our dataset samples the bar of NGC 6822 up to about five times its scale length. This offers a good opportunity to investigate the radial stellar populations distribution and the possible presence of a population gradients.
Several authors have studied the population gradients in the dwarf galaxies of the LG (e.g. Hidalgo et al. 2013 and references therein) . In all the cases the trend we found is the same: the age of the youngest populations gets older for increasing radius, and progressively younger populations are only found in the innermost regions. The observed effects agree with models of simulated dwarf galaxies (Schroyen et al. 2013) .
Regarding NGC 6822, the spatial distribution of the stellar populations have already been discussed by Gallart et al. (1996b,c) . They studied the central regions of the galaxy and found an enhancement of the SFR in the past 100-200 Myr, which occurred over the whole main body of the galaxy. The strength of this enhancement is different between the different regions of NGC 6822. This results were confirmed by C12, who noticed that NGC 6822 formed more than 50% of the stars in the last 5 Gyr.
In this research we started evaluating ψ(t) dt in two time intervals, between 0 and 0.5 Gyr ago and between 0.5 and 13.5 Gyr ago, as a function of the galactocentric distance. The results 0 was computed excluding Fields 1 and 3. Fields 1 and 3 show young populations that exceed the ones of the surrounding fields by a factors of 10 and 3, respectively. This may be the simple result of a stochastic enhancement of the SFR in recent epochs. However, this could also be the signature of incipient spiral arms. With the present dataset this is only a speculative suggestion. New data are required to either support or rule out this possibility.
Following Hidalgo et al. (2009) , we consider the times corresponding to the 75 and 95 percentiles of the SFR to further analyse the radial gradients. In other words, the times t 75 such that Figure 11 shows the look-back time and the metallicity as a function of the galactocentric distance for the two percentiles. Scrutiny of this figure reveals that the 75 percentile corresponds to similar look-back times in all the cases. The lookback times associated to the 95 percentile are similar for Fields 2, 4, 5, and 6, but they correspond to a more recent epoch for Fields 1 and 3. Moreover, Fig. 11 discloses that the metallicity increases in all the fields from the 75 to the 95 percentiles, but it does not show any radial gradient. To quantify these findings, we obtained an empirical relation Z = Z(t, D), where Z is the metallicity, t is the look-back time, and D the galactocentric distance in kpc The errors of the fitting parameters confirm that the metallicity significantly increases with time, but that no significant metallicity gradient as a function of the distance is present. These results confirm the findings that have already been presented.
NGC 6822 does not show the trend found in similar galaxies by Hidalgo et al. (2013) . They studied the SFH of two dIrr/dSph galaxies, namely LGS-3 and Phoenix, whose total stellar masses are about 100 times lower than that of NGC 6822. They find that, for ages < 9 Gyr, the SFR gradually decreases outwards and that the metallicity does not change significantly with time or with distance from the centre. For recent epochs they find a steep increase in the metallicity, which does not have a counterpart in the SFR.
Conclusions
In this paper we have presented a new photometric analysis of three fields in the north-eastern region of the dIrr NGC 6822. We carried out a new and independent study of the SFH throughout this galaxy, considering both these three fields and the three fields presented in Paper I. The study was based on the IAC method, involving the IAC-pop/MinnIAC codes. As a consequence this work presents several new results for the SFRs which deepen some of the previous findings by C12. In addition, as an important new result, we provide the AMRs as a function of time.
The performed analysis provided the following results.
-The SFH obtained using this methodology reveals that Field 1 shows an enhancement in the SFR that began around 500
Myr ago and has been increasing up to a very recent epoch. The SFR during this time interval is twice as high as the average for that field at earlier epochs. In all the other fields we find that the last Gyr was characterized by a slow decrease in the SFR. The AMRs show that the metallicity grows with time throughout the whole galaxy. The mean metallicity and the metallicity spread supports recent spectroscopic measurements by Kirby et al. (2013) . -We studied the radial gradients of the SFR. We considered the total mass converted into stars for young (between 0 and 0.5 Gyr ago) and intermediate-to-old (between 0.5 and 13.5 Gyr ago) ages. We observe a clear decreasing trend with the galactocentric distance in both cases, with very similar scale lengths. Fields 1 and 3 are an exception. The recent SF in these two fields clearly exceeds the one of the other fields. Nevertheless the intermediate-to-old populations follow the same trend as in the other fields. This can be considered as a sign that the intermediate-old stellar population is mixed well along the bar of NGC 6822, while this does not hold for young populations. Thus, young populations follows the same trend with the same scalelength as the intermediate-toold ones in all but two fields (Fields 1 and 3 ). This may indicate that in these two fields we are sampling incipient spiral arms. Nevertheless, this conclusion has to be considered as only hypothesis as long as we do not have further evidence from deeper observations. -The metallicity does not show any gradient along the bar, regardless of the SFR gradients and fluctuations described above. However, the metallicity increases significantly with time all along the bar.
